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(57) [Abstract] (There is an amendment.) 

[Objective] Both magnetic property and coating characteristi 
c means in order to obtain productvAich is superior is offered at 
time of producing directionality electromagnetic steel sheet. 

[Constitution] With weight C: 0.025 to 0.095 % , Si:2.0 to 4.5 
%,S 0.015%, acid soluble Al:0.010 to 0.060 %,N:0. 
0010 to 0.0130%, Mn:0.050to0.45%, Cr:0.04to0.25%, 
P:0.005 to 0.045 % including, Furthermore trace addition 
element doing, Pb , Te , Mo, Nb, Se, Ni , V, Sb , B, Ti, With 1 
kind or more of element of any of Sn as addition quantity theO. 
005 to 0.3 % including, Consists of remainder Fe and 
unavoidable impurity electromagnetic steel slub which, It heats 
to ternperarure under 1280 °C, hot rolling does, hot rolling 
wayor hot rolled plate annealing does, puts between one time 
or intermediate annealing and cold rollingabove twice does, after 
decarbonizing annealing doing next, after decarbonizing 
annealing, the strip with state which runs, it designates that 
nitriding is donein gas which includes ammonia as feature in 
production process of thedirectionality electromagnetic steel 
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plate which finished annealing is done. 
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[Claim(s)] 

[Claim 1] With weight C: 0.025 to 0.095 % , Si:2.0 to 4.5 % , 
S 0.015%, acid soluble Al:0.010 to 0.060 %,N:0.0010 to 
0.0130 % , Mn :0.050 to 0.45 % , Or :0.04 to 0.25 % , P:0. 
005 to 0.045 % including, Furthermore trace addition element 
doing, Pb , Te , Mo, Nb, Se, Ni , V, Sb , B, Ti, With 1 kind or 
more of element of any of Sn as addition quantity the0.005 to 
0.3 % including, Consists of remainder Fe and unavoidable 
impurity electromagnetic steel slub which, 1 heats to 
temperature under 1280 °C, After hot rolling it does, hot 
rolling way or hot rolled plate annealing does, putsbetween one 
time or intermediate annealing and cold rolling above twice 
does, thedecarbonizing annealing doing next, in production 
process of directionality electromagnetic steel sheet which 
finished annealingis done, after decarbonizing annealing, strip 
with state which runs, boththe magnetic property and coating 
characteristic which designate that nitriding is done in thegas 
which includes ammonia as leatae manufacturing method of 
directionality electromagnetic steel sheet whichis superior. 



[000 1] 



[Description of the Invention] 
[0001] 

[Field of fodustrial Application] As for this invention, it regards 
P.3 
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manufacturing method of directionality electromagnetic steel 
sheet which is used asthe iron core material of electric 
equipment, both magnetic property and coating characteristic 
it is scwKthingwhich makes production of directionality 
electromagnetic steel sheet which is superior possible. 

[0002] 

[Prior Art] Directionality electromagnetic steel plate is used and 
as iron core material of transformer , electric generator and 
theother electric equipment mainly magnetic property and 
especially iron loss characteristic must besatisfactory. crystal 
grain where directionality electromagnetic steel plate on rolling 
aspect (110) plane , (001)had axis in rolling direction making 
use of secondary recrystallization phenomenon, possesses the 
so-called 3x orientation is acquired by advancing. 

[0003] Widely known way it finishes secondary recrystallizatio 
n and occurs with annealing,but microscopic A1N , MnSeor 
other precipitate and so-called inhibitor which control growth 
of theprimary recrystallization it is necessary to exist to 
secondary recrystallization temperature region. Because of this, 
electromagnetic steel slab is heated by high temperature of for 
example 1350 to 1400 °C extent, thesolid solution doing 
component , for example Al , Mn , S, Se andthe N etc which 
form inhibitor completely, annealing whichprecipitates 
inhibitor to fine in mtermediate plate before hot rolled plate or 
finalrollingisdone. 

[0004] It reached point where directionality electromagnetic st 
eel plate where magnetic flux density is high byadmmistering 
this treatment is produced, but heating electromagnetic steel 
slab theaforementioned way because it is done with high 
temperature, generated amount of the dissolving scale being 
large, causes hindrance to operation ofthe furnace. In addition 
energy source unit of furnace high and there is an occurrenceor 
other problem of surface scratch, directionality 
electromagnetic steel sheet structure method which lowered slab 
heating temperature is examined, production method which 
heats slab with for example Japan Unexamined Patent 
Publication Showa 52 - 24116 dsclosurebycciitairungZr.the 
Ti, B, Nb, Ta, V, Cr andAeMooromerruMdeforrnation 
element to other than Al, with 1 10 0 to 1260 °C isdisclosed. 
In addition, with Japan Unexamined Patent Publication Showa 
59 - 56522 disclosure Mn 0.08 to 0.45 % and S aredesignated 
as 0.007 % or lower, ( Mn ) X (S) product is lowered, 
furthermore production method which designates 
electromagnetic steel slab which contains theAl , P and N as 
material is proposed. 

[0005] Low temperature slub heating method has had fixed acta' 
ng effect, but because inhibitor formationcomponent , for 
example Al , Mn , S, Se and N etcthe solid solution are not 
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done completely in steel, feet that theeffective inhibitor is 
formed in revelation of secondary recrystallization is problem. 
This applicant when with Japan Unexamined Patent Publication 
Showa 63 - 1001 1 1 number at time of decarbonizing annealing 
in thespecified plate thickness sheet passage doing 
directionality electromagnetic steel sheet which cold rolling is 
done with thestrip, nitriding doing making use ofNH3 , made 
inhibitor andproposed manufacturing method which is packed 
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[0006] 

[Problems to be Solved by the Invention] When ( Al and Si) in 
hibitor which designates N as themain component was formed 
with NH3 etc, at time of finished annealingto absorption ( 
nitriding ) to steel plate of N2 in atmosphere gas orin 
atmosphere gas removal of N2 occurs from steel plate, 
strengthof inhibitor does not become fixed, there are times 
when revelation ofthe secondary recrystallization becomes 
unstable as result, interfacial area of extent reaction where 
plate thickness of steel plate becomesthin increases these 
phenomenon, finishes and also strength of inhibitorchanges in 
order to receive influence of atmosphere strongly at thethne of 
annealing, is thought for sake of instability of secondary 
recrystallizationrevelation is more promoted. As a result, about 
light material reproducibility of magnetism to bescanty, in 
addition either magnetic property without being good 
excessively. 
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[0007] After coating formation, secondary recrystallization re 
veals in also, finished annealing, butthe originally secondary 
recrystallization is something which it occurs nitrogenwhich is 
related with in steel sheet ( Al and Si) by liberationdoing, 
nitrogen after liberation through coating, from steel sheet 
isdischarged in atmosphere gas. When steel sheet absorbs 
nitrogen of excess at time of thefinished annealing, it is 
attached at time of secondary recrystallization and tears 
thecoating and nitrogen is discharged from steel sheet, coating 
defective part which thearea iron which is called so-call^.* 
7 j P 9 exposes occurs. Furthermore, interfacial area of extent 
reaction where plate thickness ofthe steel sheet becomes thin 
increases, finishes and is through coating afterthe secondary 
recrystallization in order to absorb nitrogen of large amount at 
time of theannealing also discharge nitrogen amount to increase, 
7 jp9 is easyto occur. 

[0008] That it is, you thought magnetism of directionality elect 
romagnetic steel sheet which designates onlythe nitride as 
inhibitor and stabilization of coating, it finishes thethese 
inventors and, how prevents body weakening of inhibitor such 
as nitriding of thesteel sheet at time of annealing, and coming 
out of nitrogen. It finished then and, in order to make 
absorption and release phenomenon ofthe nitrogen of steel 
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sheet at time of annealing clear, it added thevarious element 
with steelrnaking step, inspected nitriding characteristic of steel 
sheet afterthe decarbonizing annealing first. 

[0009] As a result, it compared time of decarbonizing annealing 
which adds component ofthe Pb , Se, Sb and B or other grain 
boundary segregation type, to no addition material,the 
nitriding is difficult occurring was ascertained. As this cause, 
material which adds these element forms barrier afterthe 
decarbonizing annealing, those which obstruct nitriding has 
presumed. Furthermore, making NH3 concentration high, 
after guaranteeing nitrogen ofthe predetermined amount, it did 
finished annealing, when nitriding quantity of thesteel sheet 
with annealing process was inspected, it compared 
decarbonizing annealing sheet which addsthese element to no 
addition material, finished and it understood that thenitrogen 
amount of steel sheet almost does not increase with annealing 
process. When that time of also,, it finishes simultaneously 
and it triesinspecting size of primary recrystallization in 
annealing process, it compared steel sheerwhich adds trace 
elements, to no addition material, it understood to the high 
temperature region that primary recrystallization particle 
diameter after decarbonizing annealing is kept. 

[0010] Namely, when it finishes steel plate which adds element 
of these trace amountand, obstructs nitriding with annealing 
process simultaneously, there was alsoa growth supression effect 
of primary recrystallization grain. Until recently, about light 
material which is a weak point of directionality electromagnetic 
steel platewhich designates only nitride as inhibitor frequency 
of occurrence oi^ 7jp9 is high, it cancelled due to fact that 
phenomenon where atthe same time magnetism becomes 
unstable adds Pb , Se,the Sb and B or other grain boundary 
surface segregation type element 

[001 1] This way this invention not to be ^ 7 jp9, glass be 
ingsatisfactory and and also secondary recrystallization 
stabilizing, it can reveal, canacquire satisfactory directionality 
electromagnetic steel sheet even magnetic property with 
nitriding method of strip. 

[0012] 

[Means to Solve the Problems] As for gist of this invention, Wi 
th weight G0.025 to 0.095 % , Si:2.0 to 4.5 % , S 0.015 % , 
acid soluble Al :0.010 to 0.060 % , N:0.0010 to 0.0130 % , Mn 
:0.050 to 0.45 % , Cr :0.04 to 0.25 % , P:0.005 to 0.045 % 
includkg, Furtherrnore trace addition element doing, Pb, Te, 
Mo, Nb, Se, Ni , V, Sb , B, Ti, With 1 kind or more of element 
of any of Sn as addition quantity the0.005 to 0.3 % including, 
Consists of remainder Fe and unavoidable impurity 
electromagnetic steel slub which, ft heats to temperature under 
1 280 °C, After hot rolling it does, hot rolling way or hot 
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rolled plate annealing does, putsbetween onetime or 
intermediate annealing and cold rolling above twice does, 
thedecarbonizing annealing doing next, after decarbonizing 
annealing, strip with state whichruns, both magnetic property 
and coating characteristic which designate that nitriding isdone 
in gas which includes ammonia as feature there is a 
manufacturing methodof directionality electromagnetic steel 
sheet which is superior in production process of directionality 
electromagnetic steel sheet which thefinished annealing is done. 
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[0013] You explain in detail below, concerning this invention. 
Applying low temperature slub heating which heats 
electromagnetic steel slub with temperature under thel280 °C, 
stabilizing directionality electromagnetic steel sheet where 
magnetic property and coating external appearance aresuperior, 
in order that it produces, it examined this inventor etc. As a 
result, when in steel, 1 kind or more of element of Pb ,the Te , 
Mo, Nb, Se, Ni , V, the Sb , Ti and Sn or other any trace 
addition is done, magnetic property issuperior in directionality 
electromagnetic steel sheet which forms inhibitor with strip 
nitriding, factthat those where at same time coating is 
satisfactory areacquired was discovered. 

[00 14] Component composition of electromagnetic steel slab w 
here this invention is applied is as follows. When content of C 
decreases, because secondary recrystallization becomes 
theunstable, it makes 0.025 % or higher. On one hand, when 
content becomes too many, because decarbonizing annealing 
timebecomes long, it makes 0.095 % or lower. Si with 
component which is necessary for decreasing and 
inhibitorforrnation iron loss, 2.0 % or higher contains because 
of that. On one hand, when content becomes many, because 
split occursfrequently at time of cold rolling, it makes 4.5 % or 
lower. 

[0015] As for Mn as high^emperature brittle is prevented, for t 
hereto be action which glass coating to good quality is 
converted, to possessthis it is 0.050 % or higher necessary. On 
one hand, when content increases, because magnetic flux 
density detOTorates,itrrflkes 0.45% or lower. Furthermore 
because with this invention it heats slab under 1280 °C, 
theMnS which is a compound of for example S does not do 
complete solid solution,the upper limit makes aforementioned 
sort even from point which does notuse MnS as inhibitor. 

[001 6] It makes 0.0 1 5 % or lower because it becomes cause whe 
re S iseasy to cause segregation, growth of normal secondary 
recrystallization grain obstructs. Al connecting with N or Si, 
forms ( Al and Si) N,it is necessary for stabilization of 
secondaiy recrystallization, 0.010 %or higher itcontains 
because of that. On one hand, because as for slab heating 
temperature with this invention when Albecomes imperfectly 
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[Figure 2] 
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from feet that solid solution it does, content ofthe AlNmany 
under 1280 °C, unsuitable A1N is formed with step ofthe hot 
rolling, it makes 0.060 % or lower. 

[0017] Nconnecting with aforementioned Al andSi,etctheO.O 
0 1 0 % or higher contains in order to play stabilizing action of 
secondary recrystallization. But, when content becomes many, 
because surface defect occurs, it makesthe 0.0 1 30 % or lower, 
As for P in case of low temperature slab heating, there is action 
whichraises magnetic flux density, in order to possess this 
action, it is 0.005 % or highemecessary. On one hand, when 
content becomes many, because cold ductilitydeteriorates, it 
makes 0.045 % or lower. 

[00 1 8] As for Cr through fact that range of amount of Al where 
thehigh magnetic flux density is acquired is expanded there is 
action which raises themagnetic property, it is 0.04 % or higher 
necessary because of that. On one hand, when content becomes 
many, because decarbonizing characteristicdeteriorates, it makes 
0.25 % or lower. Furthermore, To other than above-mentioned 
element Pb , Te , Mo, Nb, Se, Ni , V, When 1 kind or more of 
Sb , B, Ti and Sn thesuitable amount is added, when it finishes 
and it controls liberation of thenitrogen from absorption, and 
steel sheet of nitrogen of thesteel sheet in annealing, can assure 
stability of coating and magnetismthe inhibitor is formed due 
to fact that also those element itselfprecipitate simultaneously 
to grain boundary, iron loss is improved. When as for addition 
quantity of these element under 0.005 % effect issmall, exceeds 
0.3 % on one hand on magnetic property it exerts 
desirableinfluence, or there is not meaning, proper range is 0. 
005 to 0.3% 

[0019] Electromagnetic steel slaliS make is done with rotary 
furnace or electric furnace or other melting furnace, according 
to need vacuum degassing isadrninistered, is produced by 
continuous casting or structure lump - amountlump rolling . 
electromagnetic steel slab is heated preceding hot rolling,, but as 
for heating temperature theenergy conservation is assured as 
under 1280 °C. With this heating temperature as for Al in said 
electromagnetic steel slab solid solution it is not 
donecompletely, becomes imperfect solid solution state. In 
addition furthermore MnS where solid solution temperature is 
high properis imperfect solid solution. 

[0020] After slab heating hot rolling it is done, annealing it is d 
onedepending upon necessary, cold rolling it is done or without 
annealingbeing done, cold rolling putting between one time or 
intermediate annealing, is administered thecold rolling above 
twice, makes final plate thickness. By way regarding to this 
invention, electromagnetic steel slab is heated to 
temperaturewhose under of 1280 °C is low. Therefore, Al in 
steel, we designate Mn and theS etc as imperfect solid solution 
state, this way, ( Al and Si) N in order toreveal secondary 
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[0021] wamziiiiMMEttst* miz&cx 
**. Iffi&fcffil* soo-90 otoBB-eflBffflft 

tfX^fT S»*lc§l#«i- (A I , Si) 

^WBtfNHa »l=J:yafl:t4. £fcl*6 0 0~9 0 
0°C©;SJfi#-t?K i 5<ffc3SH* "Off 9©** 

*u». *tve»B*WBWtB*u %&<Dtt±&m 



C0022] it±m&mKm&mizm. mm 

^*«»Lfc*mt*l81n«*r»l='3L»'CII*L*:. 

Pb, Sa «<07G££tt£$ft] U fcl«*E(*ft:-h^ttB* t? 

ttlttttl*{tJ&MftaBS®RBS (iiap£<b) *<:*: 



[0 0 2 3] *fc, {U:ttM*®-*jm*®tt8®f* 
**I|-e**ib<* H2l=*-rj;ai=, B s Pb, S.I 
LfctOtt, -«afMA0tt]Sft*<ftX.& 
4ir^*©l=»L, ttjftftOMUtfttf 
&#T?fc< , 8 0 0«toWJfi4»6*< *-*Wa»<DlMi 
ft$4i:TW;, B, Pb. Se£5SaPbfc*t#4£JKl£ 



[0 0 2 4] fcfc, tt±&tt»T?©««<7>Iftg (jftftB 

IfeKSKfcfcC*, Te, Mo, Nb, Ni, V, Sb 
. T K 8n#B«Krtl***Lfc. BU«>*IBrett± 

%\tmwt%>z.t\z&v. gums, »*tttt*<t* 

l=ft»-e*»o/<9f*t/J»*l^*Kfl>«i.*:*KiltttB 



recrystallization in steel sheet, inhibitor of MnS or other 
precipitation typedoes not exist. In reason, before secondary 
recrystallization revealing, invading in steel it isnecessary to 
form ( Al and Si) N which functions, with N as the inhibitor. 

[002 1 ] After hot rolling, according to need annealing it does el 
ectromagnetic steel slub, cold rolling does, cold rolling does 
putting between one time or intermediate annealing, after you 
doand specified plate thickness above twice, decarbonizing 
annealing. With temperature of 800 to 900 °C it does 
decarbonizing annealing in wetting atmosphere gas, but 
itcontinues to decarbonizing and in order to assure formation 
of theinhibitor of ( Al and Si) N or other precipitate type, 
nitriding it does with strip condition withthe NH3 etc. As for 
nitriding it is desirable with temperature region of 600 to 900 
°C to dowith dry atmosphere (low dew point). Next, annealing 
fractionating agent is applied, finished annealing of high 
temperature isadministered. 

[0022] You investigated sucking/absorbing nitrogen, change of 
denitrification status and primary recrystallization particle 
diameter concerning material of material and no addition 
whichadd Pb , B and Se or other trace elements in steel plate in 
finishedannealing process. Result is shown in Figure 1 and 
Figure 2. As shown in Figure 1, it finished steel plate which B, 
the Pb and Se or other element trace addition is done and there 
was not a steel platesucking/absorbing nitrogen phenomenon at 
time of annealing, at sametime it understood to high 
temperature region that nitrogen in steel isguaranteed. On one 
hand, mat it finishes steel plate which does not add those 
mesucking/absorbing nitrogen quantitative (Additional nitriding 
) of steel plate at time ofthe annealing is large, it understood in 
addition also coming out ofthe nitrogen is large. 

[0023] In addition, it finishes and it is a growth behavior of part 
icle diameter of theprimary recrystallization in annealing, but as 
shown in Figure 2, as for those which addtheB, Pb andSeor 
other element, as for those of no addinon,deterrent power of 
grain growth not to be a satisfactory, also early caused thegrain 
growth of primary recrystallization from 800 °C vicinity vis-a- 
vis grain growth of primary recrystallizationbeing held down, 
material which adds B, Pb and Se after medecarbcnizing 
annealing, when you analyzed with Auger etc, these did not 
existinside grain of primary recrystallization, what segregation 
has been done wasverified in grain boundary. 

[0024] Furthermore, it finished and held down sucking/absorbing 
nitrogen(Additional nitriding ) of steel sheet at time of 
annealing, when element which at thesame time controls grain 
growth of primary recrystallization was inspected in omerthings, 
it showed result where Te , Mo, Nb,the Ni , V, Sb , Ti and Sn 
are similar. It finishes with means above and holds down 
sucking/absorbingnitrogen (Additional nitriding ) at time of 
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[0025] 



t Lfco -t<0^l=. 8 3 0°C+ 1 5 08\ H 2 7 5%, 
N 2 2 5%fl)**XI=jD;lL-Cl|^6 0 0 C©S!Hft^ 

tKttfcU «**£LTI*1 8 0~2 0 0ppm tltz 



[0 0 2 6] m^MaO«±jft5»fe-r«jRM5MIMf 

2 2 5%(D#H»T?fi:±ei«tS 1 2 0 0°cx 2 ORIRHt 



annealing and coating characteristic and magnetic property 
beingsatisfactory together by controling roughening of grain of 
theprimary recrystallization, and directionality electromagnetic 
steel sheet where quality where also variation is small issuperior 
is acquired. 

[0025] 

[Working Example(s)] Next you express concerning Working E 
xample. It heated with condition which shows slab of 
component composition which isshown in Table 1 with Table 2 
hot rolling did in thickness of the2.3 mm, cold rolling did hot 
rolled plate, made plate thickness of 0.3 mm. after that, 
hutradifying gas of 830 °C + 150 second , H2 75 % and N2 25 
%, decarbonizing annealing it did under condition which you 
adjusted theatmosphere gas of dew point approximately 60 °C 
nitriding it did steel sheetcontinuously with NH3 , it made 1 80 
to 200 ppm as nitrogen amount. 

[0026] Next, it applied annealing fractionating agent which desi 
gnates MgO as main component tothe steel sheet, after 
retracting in coil, it finished with atmosphereof H2 75 % and 
N2 25 % and 1200 °C X 2 0 hour did annealing, magnetic 
property of directionality electromagnetic steel sheet which is 
acquired, coating characteristic ismeasured, result is shown in 
Table 3. 



[0027] 
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[Table 1] 
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0.050 


3. 26 
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0. 007 


0. 0284 


0. 0074 






<ih fl Ml 
00 U. Wl 
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0. 065 


3. 24 


0. 136 


0.008 


0. 0271 


0 0076 






Se 0.003 


0 




0.054 


3. 25 


0. 150 


0. 006 


0. 0243 


0 0073 




0, 14 


Pb 0.03 


0 




0.050 


3.21 


0. 129 


0.006 


0. 0287 


0. 0075 


0. 022 




B 0. 05 


o 




0.053 


3. 23 


0. 138 


0.008 


0. 0265 


0.0072 


0. 034 


0. 11 




0 
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0. 009 


0. 0275 


0. 0079 


0.011 


0.07 


Te 0. 05 Nb 0. 007 


o 


7 


0.066 


3.21 


0. 136 


0.008 


0.0271 


0. 0076 


0.029 


0.06 


Sb 0. 06 Ti 0. 09 


o 


8 


0.057 


3. 28 


0. 154 


0.006 


0.0241 


0. 0079 


0.007 


0.09 


Sn 0. 05 Ni 0.01 


o 


9 


0.051 


3.20 


0. 139 


0.005 


0. 0247 


0, 0071 


0.026 


0.15 


Mo 0.1 V 0.02 


o 


10 


0.059 


3.25 


0. 148 


0. 007 


0. 0275 


0.0077 


0. 019 


0. 08 


Pb 0. 05 B 0. 01 
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60 
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61 
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59 
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[Table 3] 







Bs 
CT) 


W.T/5 0 

(W/kg) 






1 


1 . 9 1 


1. 0 0 






2 


1.9 2 


0.9 8 




Q 




1.9 2 


0. 9 8 


if 


o 




1 . 9 3 


0.9 7 




o 


5 


1 . 9 2 


0.9 8 




o 
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[0030] 

[Effects of the Invention] to this invention we depend, As seen 
in Working Example, it finishes and because there is not 
anadditional nitriding with annealing process, occurrence of 
coating deletion is nil, atthe same time trace elements 
segregation does in grain boundary, because it has inhibitor 
function primary recrystallization particle diameter is kept to 
high temperature, secondary recrystallization where the 
azimuth is even as result, is acquired, directionality 
electromagnetic steel sheet where quitemagnetic property is 
superior can be produced. 



mmommtmi 



[Brief Explanation of the Drawing^)] 

[Figure 1] It is a figure which shows change of nitrogen amount i 
n steel in thefinished annealing process. 

[Figure 2] It is a figure which shows change of primary recrystall 
ization in finishedannealing process. 
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